To investigate the possibility that tumor cells undergoing linearly patterned programmed cell necrosis (LPPCN) establish a spatial foundation for vasculogenic mimicry (VM) and to reveal that hypoxia influences LPPCN formation as well as Endo G and DNase 1 expression, 78 C57 mice were divided evenly into two groups and engrafted with B16 melanoma. Starting 9 days after inoculation, subgroups of mice were killed every 2 days. LPPCN and the tumor blood supply vessel types were counted and Endo G and DNase 1 mRNA expression were measured. Additionally, 124 cases of human melanoma samples were collected to assess the clinical significance of LPPCN and VM. The data revealed that regions of LPPCN were positive for caspase-3, caspase-9 and Bax, and negative for TUNEL staining. Electron microscopy images indicated that these cells took on the morphologic changes of necrosis. There was more DNase I mRNA expression in the hypoxic group than in the control group (Po0.05) in vitro, and the expression of Endo G mRNA in the hypoxic groups was significantly higher than that in the control groups both in vitro and in vivo (Po0.05). VM and LPPCN cell numbers in the ischemic group were higher than those in the control group in the early stage of tumor growth. Finally, the survival time for patients whose samples showed LPPCN and VM was significantly shorter than that of patients with one or neither of those factors. We speculated that under hypoxic conditions, some melanoma cells might undergo LPPCN, thus providing a spatial foundation for VM channel formation.
Melanoma is a high-grade, poorly differentiated malignant tumor. The biological behavior of melanoma is characterized by rapid growth and a high metastasis rate via vessels. Rapid growth makes melanoma cells in urgent need of oxygen and nutrients supply. In the early stage of rapid growth, blood supply cannot supply sufficient oxygen and nutrition solely through angiogenesis because enough new vessels have not yet been formed. Nevertheless, angiogenesis is not the only way to supply blood to the tumor. 1 New patterns other than angiogenesis have been found in some malignant tumors. Vasculogenic mimicry (VM), 2, 3 for example, composed strictly of tumor cells without endothelial cells, is the dominant form of vessel in the early stage of some subpopulations of highly aggressive and metastatic malignant tumors. The basis for VM formation and the mechanisms involved in this process are still not clear.
Earlier, we showed that tumor cells became more invasive and formed more VM channels under hypoxic conditions, and there were some tumor cells that were darkly stained in the H&E-stained sections that were distributed in patterns of lines and networks. 4 This distribution is similar to that seen in VM networks and endothelium-dependent vessels (EV). We coined the term 'linearly patterned programmed cell necrosis' (LPPCN) to describe these darkly stained cells with special distribution patterns. In this study, we discuss the relationship between LPPCN and VM in melanoma. Programmed necrosis has recently been described by Zong et al 5 as a controlled cell death process. This suggestion differs from the current view of necrosis as accidental in that programmed necrosis is far from being a passive event. In fact, it involves components of orderly processes required for the activation of a cell death program. Numerous physiological and pathological processes are involved in this kind of special programmed cell death, which can be activated by many factors including tissue hypoxia, drugs and toxins. 6, 7 Our LPPCN model suggests that the networks of programmed cell necrosis that we have observed are the beginning of a stepwise process. In the early rapid growth stage of tumor development, oxygen and nutrition from EV are not enough for melanoma growth. 8 Later, under the regulation of apoptosisrelated gene stimulation in the local hypoxic environment, LPPCN might be initiated, which eventually results in a channel-shaped vessel-like empty space left by the dead cells. Results from immunohistochemical staining (IHC) and terminal TdT-mediated dUTP-biotin nick end labeling (TUNEL) staining suggest that these cells are undergoing programmed necrosis. Thus, the empty region formed by LPPCN might be the spatial basis for VM channel formation. Moreover, VM channels could connect with EV, and when these channels and vessels meet, oxygen and nutrient-rich blood could reach an increasing number of tumor cells. The distribution and morphologic changes of LPPCN are different from apoptosis. LPPCN cells form a line shape and apoptosis appear in randomly distributed cells. Morphologically, LPPCN cells display pyknosis, karyorrhexis or karyolysis, features that are different from the apoptotic bodies and DNA fragmentation typical of apoptosis. The molecular mechanism regulating LPPCN is different form typical necrosis.
MATERIALS AND METHODS Animals
Seventy-eight 6-to 8-week-old female C57/6J black mice were purchased from the Animal Base of the Union Drug Institute (Beijing). The weight range of these mice was 23-25 g. The mice were divided into the ischemic group and the control group with 39 mice in each group. They were further divided into five subgroups as the ninth day (nine mice), the eleventh day (nine mice), the thirteenth day (seven mice), the fifteenth day (five mice) and the seventeenth day (nine mice) subgroups.
Cell Line
Single cell suspension of the malignant melanoma cell line B16 was provided by the Department of Biochemistry in Tianjin Cancer Hospital. Before injection, the suspension was placed in a 431C water bath for 20-30 s and then the cells were pelleted by centrifugation at 1000 g for 10 min. The supernatant was removed by absorption into a sterile cotton pad and the cell pellet was resuspended with 1-2 ml 0.9% NaCl solution to a cell density of 1 Â 10 7 cells/ml.
Ischemic Animal Model
All 78 mice were inoculated with single cell suspensions of malignant melanoma B16 cells according to the following procedure: the mouse groin was sanitized with an alcohol swab and 0.2 ml single tumor cell suspension was injected subcutaneously. Ischemia was produced in the left hindlimb by surgical procedure 3 days later. Under anesthesia, the mice were well restrained, and a 1-1.5 cm incision was made in the skin in the left groin. The femoral artery was then ligated twice with 6-0 silk and transected in two places distal to the ligature. Any other large blood vessels distal to the ligature that were visible were also transected. The wound was closed with 4-0 silk, and the hindlimbs were gently immobilized. Nine days after inoculation, tumor mass (approximate diameter of 1-2 mm) was observed in the mice at the site of injection. From the ninth to the seventeenth day one group of mice was killed every 2 days.
Quantitation of VM Channels, EV and LPPCN Cells VM channels and EV in the H&E stained sections were counted using Â 400 magnification. Five fields were chosen randomly, and the average blood supply pattern was defined as the number of microvessels or channels in one section. LPPCN cells were counted in the same field. All these counts were blindly performed in at least three randomly chosen sections from each mouse. The mean value of each type of microvessel in five fields was the final outcome.
IHC Staining and Histochemistry Staining
Four-micrometer-thick sections of formalin-fixed, paraffinembedded engrafted animal melanoma tissues were mounted on poly-L-lysine-coated slides. Slides were deparaffinized in xylene. Endo Genous peroxidase activity was blocked with 3% hydrogen peroxide in 50% methanol for 10 min at room temperature. Sections were rehydrated in alcohol, washed with phosphate-buffered saline (PBS) and then pretreated with citrate buffer (0.01 M citric acid, pH 6.0) for 20 min at 951C in a microwave oven. 0 -diaminobenzidine (DAB) chromogen for 5-10 min at room temperature and then washed with distilled water. After IHC staining for CD34, the sections were then washed with running water for 5 min and incubated with periodic acid Schiff (PAS) for 15 min. Finally, all of the sections were counterstained with hematoxylin, dehydrated and mounted. Normal human stomach mucous membrane was the positive control for PAS staining.
TUNEL Staining
For in situ visualization of apoptotic cell distribution, we applied the TUNEL technique. Immediately after deparaffinization and rehydration, Endo Genous peroxidase was inactivated by covering sections with 3% hydrogen peroxide for 10 min at room temperature. Nuclei of tissue sections were stripped of proteins by incubation with 20 mg/ml proteinase K for 10 min at 371C. Sections were covered with TdT and biotin-d-UTP in TdT buffer and the slides were incubated in a humid atmosphere at 371C for 90 min. The reaction was terminated by transferring the slides three times to 0.1 M PBS buffer for 2 min. The sections were then covered with blocking solution for 30 min at room temperature. Sections were incubated with biotin-labeled anti-DIG antibody diluted 1:100 in blocking solution. After washing the sections, they were then covered with streptavidin-biotin complex (SABC) diluted 1:100 in PBS and incubated at 371C for 60 min. The sections were stained with DAB for 7-8 min at room temperature. Positively labeled brown cell nuclei were visible after exposure to DAB. Positive control experiments demonstrating DNA fragmentation were performed by exposing tissue sections to deoxyribonuclease (DNase), whereas for negative controls the TdT/dUTP labeling mixture was omitted, resulting in no staining. Finally, all sections were counterstained with hematoxylin. Sections were rinsed with PBS after each step.
In Situ Hybridization of Endo G In situ hybridization (ISH) of Endo G was performed using a commercially available kit (Boster Biological Technology Ltd.; part number NO. MK2795-m). The kit used three probes complementary to Endo G: 5 0 -AACCACCGCTGG AGTCAGCGTGGACGACAC-3 0 , 5 0 -AACCAGAATGCCTGGA ACAACCTTGAGAGGTACAG-3 0 and 5 0 -ATCGAGCTACGTT CCTACGTGATGCCCAATGCCCC-3 0 . The three probes were used separately and did not match any known sequence in GenBank. ISH was carried out following the procedure described by Xu et al. 9 Briefly, the sections were deparaffinized, rehydrated and deproteinized. The slides were then prehybridized at 401C for 2 h and incubated with hybridization solution (20 ml/slide) containing digoxigenin-labeled oligonucleotide probe at 401C for 16 h. The sections were washed twice in 2 Â SCC for 10 min and further washed in 0.5 Â SCC and 0.2 Â SCC for 30 min. Sections were incubated with biotin-labeled anti-DIG antibody diluted at 371C for 1 h. After washing the sections with PBS, they were then covered with SABC and incubated at 371C for 20 min. Sections were stained with DAB for 5 min at room temperature. Finally, sections were lightly counterstained with hematoxylin for 1 min. The specificity of the method was confirmed by the positive results obtained with corresponding sense controls and the distinct positive staining patterns obtained with digoxigenin-labeled GAPDH mRNA antisense probes (Boster Biological Technology Ltd.).
Electron Microscopy
Tumor specimens in the early and late growth stages were randomly selected and fixed with glutaraldehyde. The areas containing linearly patterned programmed necrosis were located using a light microscope. Ultra-thin sections were examined using a JEM-1010 electron microscope. Pyknosis and karyorrhexis of the nuclear chromatin were the criteria for determining cells, which were undergoing programmed necrosis.
Cell Culture
Melanoma cells were cultured with RPMI 1640 and 10% fetal bovine serum. When cells cultured under normal conditions with 10% O 2 , 85% N 2 and 5% CO 2 became 70% confluent, they were transferred to hypoxic conditions with 2% O 2 , 93% N 2 and 5% CO 2 . Melanoma cells were collected at 2, 4, 6, 8 and 24 h. This test was performed in triplicate with tumor cells cultured under normal conditions serving as the control.
Total RNA Isolation and Real-Time PCR Total RNA was isolated from frozen samples and melanoma cells using TRIzol reagent. The OD260/280 ratio for all samples was 1.9-2.0. cDNA was synthesized through reverse transcription. Primers were designed and synthesized by TaKaRa Biotechnology Co. Ltd. Real-time PCR analysis was carried out to determine the level of Endo G and DNase I mRNA using the Gene AMP PCR System 5700 Sequence Detector. The cDNA was used as the template to be amplified in a 25-ml reaction mixture using the following conditions: denaturation at 941C for 5 min, 
RESULTS

Microscopic and Visual Observation of Morphology
Seven to eight days after inoculation, the tumors could be palpated and were determined to be approximately 0.2-0.3 cm in diameter. Black tumor tissue invaded surrounding normal tissue with a blurred borderline (Figure 1a ). After H&E staining of sections, there were more tumor cells with condensed chromatin (LPPCN cells) appearing in the center of the tumor mass in the ischemic group. In the control group, LPPCN cells also appeared in the center of large tumor mass, but the quantity of LPPCN cells was less than that in the ischemic group. Under low magnification, these cells appear to link with each other and form a network (Figure 1b) , which is LPPCN. VM channels or EV and the cells with condensed chromatin seem to colocalize. Tumor cells, some with dark nuclei that are apparently dying, can also be observed around VM channels and EV. These cells with dark nuclei can form lacunae, which may be the infrastructure of VM (Figure 1c and d) . Results of CD34 and PAS double staining show that some cells with darkly stained nuclei appear around VM channels with PAS-positive substances in the basement membrane. EV with endothelial cells appearing brown after IHC staining for CD 34 coexisted with VM ( Figure 1e ) in the same field. In short, tumor cells with darkly stained nuclei not only appear in the center of large tumor masses but also colocalize with VM and EV.
In a related project, 10 several B16-inoculated mice bearing melanoma of approximately 0.3 micrometers in diameter were injected with activated carbon via the tail vein, and were killed 15 min after the carbon injection. Many activated carbon granules were observed in the center part of channel structures formed by the cells with dark nuclei, indicating that the channels were functional for microcirculation. Activated carbon was also identified in the middle of the EV and VM channels (Figure 1f) . Therefore, it appears the VM channel provides functional microcirculation with blood flowing through it to satisfy the oxygen and nutritional needs of the tumor cells.
Quantitation of LPPCN, VM Channels and EV in Different Groups of Mice
To identify the type of tumor blood supply vessels in different melanoma growth stages, we determined the density of each vessel type every other day starting on the ninth day after B16 melanoma inoculation. Although at the early stage characterized by tumor rapid growth of melanoma formation, blood supply vessel types for the tumors consisted of both VM and EV, VM channels were predominant in the hypoxic group (Figure 2a and b) . Moreover, VM density decreased significantly during tumor growth, whereas EV did not (Figure 2b ). On the ninth day after B16 cell inoculation, tumors in the ischemic group showed more VM channels and LPPCN cells than those in the control group (Z ¼ À2.03, À1.92; P ¼ 0.038, 0.067). Furthermore, in the ischemic group, LPPCN cell number was significantly higher on the ninth day than on the later days (Z ¼ À2.93, À2.33, À1.98, À2.87; P ¼ 0.003, 0.02, 0.047, 0.004), and the same trend held for VM channels (Z ¼ À3.32, À2.00, À2.58, À3.18; P ¼ 0.001, 0.042, 0.016, 0.001). Although melanomas in the control group had more VM channels and LPPCN cells on the ninth day than in the following days, the rate of decrease was much lower when compared to the number of VM channels and LPPCN cells in the ischemic group (Table 1) . Presumably, this observation is due to the fact that VM channel formation was only favored under hypoxic conditions at the early stage (Figure 2a and c) .
Results of IHC Staining and ISH
Putative cell death pathways, including programmed necrosis and apoptosis, are regulated by caspase-3, caspase-9, Bax and FasL. 5 Using IHC staining for these proteins, abundant expression (brown color) for caspase-3, caspase-9 and Bax were detected in the plasma of the tumor cells undergoing linearly patterned programmed necrosis. These LPPCN cells were negative for TNF, TRAIL, Fas, FasL, Bcl-2 and Caspase-8. The distribution of cells undergoing programmed necrosis was linear and showed a trend of connecting the channels with each other. The spatial infrastructure derived from LPPCN also seems to connect with EV. Tumor cells with darkly stained nuclei lining the wall of VM and EV were positive for Bax IHC staining (Figure 3a-c) . Furthermore, our results 
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showed that the tumor cells undergoing programmed necrosis had nuclei that were negative for TUNEL staining and that there were some apoptotic cells distributed randomly (Figure 3d ). Tumor cells with darkly stained nuclei lining the wall of VM and EV were positive for Endo G IHC staining (Figure 3e) . Results of ISH showed that LPPCN cells were positive for Endo G mRNA whereas other tumor cells were negative (Figure 3f ). Combining the above results in vitro and in vivo, we speculated that Endo G might play an important role in LPPCN progression. LPPCN is also different from traditional necrosis in morphology with IHC staining with dead cells forming a patch. Caspase-3 IHC staining show that the morphological appearances of typical necrosis display pyknosis, karyorrhexis or karyolysis (features with yellow-brown in Figure 3g ).
Electron Microscopy Observation
Fresh tumor tissues were fixed with glutaraldehyde and fields with linearly patterned programmed necrosis were selected using a light microscope. The areas with programmed necrosis were then observed in more detail with an electron microscope. It was shown that the chromatin often became pyknotic and clumped against the nuclear membrane in cells undergoing programmed necrosis, and red blood cells were found between these cells. The electron micrograph of tumor cells undergoing programmed necrosis showed extensive loss of membrane integrity and limited chromatin condensation. Images also showed that their mitochondria were swollen and had disorganized cristae and the rough endoplasmic reticula were dilated (Figure 3g ).
Effects of Hypoxia on Endo G and DNase I mRNA Expression In Vitro
Melanoma B16 cells were harvested at different time points after exposure to hypoxic conditions. Real-time PCR was performed to detect DNase I and Endo G mRNA expression. As time passed, DNase I expression was elevated in both the hypoxic group and the control group (Po0.05), but the level in the hypoxic group was always higher than that in the control group (Po0.05; Figure 4a ). The expression of Endo G mRNA in melanoma cells in the hypoxic group was upregulated and reached its peak at 8 h. It was significantly higher in the hypoxic group than in the control group at 6 and 8 h (Po0.05). However, there was no longer a significant difference at 24 h (P40.05; Figure 4b ).
Effects of Hypoxia on Endo G and DNase I mRNA Expression In Vivo
On the ninth day after inoculation, animals in the ischemic and control groups were killed and melanoma tissues were collected to detect the expression of DNase I and Endo G mRNA. Animal experiment results revealed that Endo G mRNA expression was upregulated markedly in the ischemic group compared with the control group (Po0.05; Figure 4d ), and moreover, the expression of Endo G mRNA in melanoma tissues from animal models was remarkably higher than that in cultured cells. By contrast, the DNase I level in the ischemic group of mice was lower than that in the control group (Po0.05; Figure 4c ). This in vivo result is in direct opposition to the in vitro results; the general expression level in vivo was much lower than that in vitro (Figure 4a and c) . These results suggest that, in vivo, hypoxia induced LPPCN in melanoma cells by increasing degradation of DNA by upregulating expression of Endo G. 
Survival Analysis of Melanoma
DISCUSSION
In 1999, Maniotis 2 reported that VM formed by tumor cells instead of endothelial cells appeared in highly aggressive uveal melanomas. Since then, VM has been seen in several malignant tumor types including breast cancer, 11 liver cancer, 12 astrocytoma, 13 ovarian cancer, 14 prostate cancer 15 and bidirectional differentiated malignant tumors. 16 The molecular mechanisms that underlie VM involve the cleavage of laminin via metalloproteinases, VE-cadherin's promotion of adherence of the VM channel wall to tumor cells, tumor cell dedifferentiation and tumor microenvironment. 17, 18 Zhang et al have proposed a three-stage process that begins with VM channels then progresses to mosaic blood vessels and eventually leads to endothelium-dependent blood vessels, 10 wherein all three patterns participate in tumor blood supply.
The basis for the spatial organization for VM and EV structures is not clear, especially in a high-pressure microenvironment found inside a growing tumor. We have noted the occurrence of some darkly stained tumor cells that seem to be distributed in lines and networks that exist in melanoma; we named this phenomenon LPPCN because this necrotic cell death is regulated by apoptosis-related proteins.
In our study, there were more LPPCN cells appearing in the ischemic group. In the control group, the quantity of LPPCN cells was less than it in the ischemic group. Results of our Programmed cell necrosis and angiogenesis S Zhang et al experiments suggested that ischemia may play an important role in regulating the blood supply formation of melanoma.
To investigate the existence and distribution of these darkly stained cells and the relationship between LPPCN network formation and ischemia, we used a hypoxic animal model bearing melanoma, and killed the animals at regular time points to monitor the development of LPPCN and VM during tumor growth. Results of the animal experiments showed that hypoxia induced some melanoma cells to undergo LPPCN, in which there were remarkably more darkly stained cells in the ischemic group than in the control group, and there were more darkly stained cells present in the early stage of tumor growth than in the late stage. In the early stage of melanoma growth, cells with a darkly stained nucleus appeared in a linear pattern and showed a trend of clustering with each other. IHC and TUNEL staining suggested that these cells undergo programmed necrosis and only appeared in the center of the tumor tissue. As such cell death from LPPCN might provide transient spatial infrastructure for VM and EV development and formation, we hypothesize the following model of vessel progression. In the rapid growth stage characterized by tumor cells hypoxia, blood supplied through EV is not sufficient to satisfy the oxygen and nutrition needs for tumor expansion. This local hypoxic environment induces apoptosis-related genes and genes responsible for LPPCN to be activated. LPPCN development can occur in two different ways. Whether the pattern formed by cells with darkly stained nuclei connects with EV dictates the outcome for these cells. If the LPPCN pattern connects with EV, LPPCN would serve as a spatial infrastructure for VM and EV formation. On the other hand, if the LPPCN does not connect with EV, the darkly stained cells develop into an area of necrosis.
LPPCN is not similar to apoptosis or necrosis. Apoptosis causes characteristic morphologic changes that are genetically regulated and appear in randomly distributed cells. It has generally been believed that necrosis is a passive process, during which nuclear changes appear in the forms of karyolysis, pyknosis and karyorrhexis. 19 The traditional view has held that necrosis is pathologic and a passive death, whereas apoptosis is programmed cell death, considered a physiological, active death. It has become increasingly clear that the two cell death phenotypes and molecular mechanisms are highly diverse. 20, 21 Programmed necrosis is a phenomenon that has been brought forward by Zong et al 5 and Junying Yuan et al. 6 Programmed necrosis is a newly characterized type of cell death in ischemic brain injury animal models. Morphologically, programmed necrosis displays pyknosis, karyorrhexis or karyolysis, features that are different from the apoptotic bodies and DNA fragmentation typical of apoptosis. 22 Apoptotic cells distribute randomly whereas the distribution of cells undergoing programmed necrosis is regulated by the tumor cells themselves. 23, 24 Furthermore, LPPCN is also different from traditional necrosis in morphology, with dead cells forming a line shape as opposed to a Programmed cell necrosis and angiogenesis S Zhang et al patch that is most commonly observed in traditional necrotic death in most tissues.
According to the results of IHC staining, we speculated that the molecular mechanism underling LPPCN might be similar to the mitochondria-dependent apoptosis-signaling pathway. However, the distinct morphology between these two death patterns might be due to the difference in particular endonucleases involved in each type. DNase I, a Ca þ 2 -and Mg 2 þ /Mn 2 þ -dependent endonuclease with optimal performance at pH 7.5, hydrolyzes double-stranded DNA by introducing single strand nicks that generate 5 0 -phospho-triand/or -tetra-oligonucleotides. 25 DNase I targets the binding site between DNA and the nucleosome, hence, the DNA fragments cleaved by DNase I are 180 bp and multiples thereof. Markus Napirei et al reported that DNase I not only mainly mediates the chromatin breakdown in apoptosis, but also partly participates in the chromatin breakdown of necrotic cells in vitro. This in vitro effect is achieved through diffusion from the extracellular fluid through the ruptured plasma membrane into the cytoplasm and nucleus of necrotic cells. Endo G is the most active endonuclease in eukaryotic cells, and the gene encoding it is conserved from yeast to human beings. 26 Endo G is nonspecific and can hydrolyze double-stranded DNA, single-stranded DNA and RNA with peak performance at pH 7.0 in a Mg 2 þ -dependent manner. Endo G in the mitochondrial intermembrane space has multiple functions. It prevents degradation of genomic DNA in normal cells, but is released from mitochondria in response to apoptotic signals after activation. 27, 28 Endo G is an essential member of the mitochondria-dependent apoptosis signaling pathway. Proapoptotic Bcl-2 family members such as Bid and Bim induce mitochondrial outer-membrane permeabilization resulting in the release of Endo G. The Endo G and AIF (apoptosis inducing factor) complex is then transmitted into the nucleus to degrade DNA. It has been shown that the activation of caspase 3 can induce Endo G release, but Endo G is normally associated with the 'caspaseindependent' apoptotic pathways. 29, 30 Damage to the mitochondrial outer membrane leads to an Endo G-related programmed cell death, even with inactivation of the caspase family. In this study, we found that Endo G may be associated with hypoxia-induced programmed cell death in melanoma cells. Evidence from in vitro and in vivo experiments indicated that hypoxia induced melanoma cells to express increased Endo G, whereas DNase I mRNA expression was not influenced by hypoxia, may be associated with tumor cells apoptosis. Results of Endo G IHC staining and mRNA ISH confirmed the expression of Endo G protein and mRNA in LPPCN cells. Some LPPCN cells lining the walls of VM channels were positive for Endo G IHC staining. These findings suggest that Endo G was critical for LPPCN formation of melanoma cells under hypoxic conditions. 31 Programmed necrosis is regulated by apoptosis-related genes and is associated with signal transducers such as protein kinases and phosphatases. 32 Vartanian et al 33 have
recently shown that the formation of capillary-like structures (VM) requires apoptotic cell death through activation of a caspase-3-dependent mechanism. They have shown that the caspase inhibitor zVAD-fmk and a caspase-3 inhibitor DEVD blocked capillary-like structure formation in an in vitro assay, supporting a mechanism based on the induction of apoptosis followed by an altered form of cell death without nuclear fragmentation resembling secondary necrosis. Mitochondrial disorder caused by hypoxia or energy failure can trigger programmed necrosis cascades that involve the bax family of genes. 34 Hypoxia-induced mitochondrial dysfunction, which causes release of cytochrome C and consequently procaspase expression, seems to be the initial event of programmed necrosis. 35, 36 The unique structure of VM channels facilitates the hematogeneous metastasis of tumor cells. Tumor cells lining the inner surface of VM channels are directly exposed to blood flow, and the tumor cells that leak out would migrate through the blood stream and metastasize to other organs. In fact our studies have demonstrated that LPPCN and VM are associated with poor clinical prognosis in melanoma patients, especially in the cases that display both features. There were more LPPCN and VM in tumor mass which melanoma cells had poorer differentiation and faster growth. The growth rate was associated with the degree of hypoxia. In the melanoma patients with poorer differentiation, tumor tissues with rapid growth and serious hypoxia lead to the poor prognosis.
In this study, we propose a special death pattern for tumor cells and suggest that this pattern might be associated with VM and tumor angiogenesis and hypoxia may be an important regulating factor. LPPCN is not exclusive to melanoma but exists in many kinds of high-grade malignant tumors. However, its unique appearance was often ignored by pathologists. Based on our observations and investigation, we begin describing this interesting phenomenon and try to provide a model of vessel development during tumor progression, in which a local hypoxic environment generated during the early stage of tumor growth induces LPPCN which may serve as the spatial foundation for further blood vessel development, ie, angiogenesis. However, the profound molecular mechanisms involved in LPPCN and the relationship between the LPPCN network and tumor blood supply still remain unclear and need further biochemical and molecular studies. For instance, with the exception of Endo G and DNase I, other endonucleases might participate in the cleavage of DNA during LPPCN and the presence of these other endonucleases deserves further study. Here we have focused on the difference in Endo G and DNase 1 protein expression under hypoxic conditions and showed that Endo G, but not DNase I, might play a role in LPPCN in vivo.
